Due to the dangerous alarm for many engineering applications such as energy generating systems and pipelines transporting oil, gas and its derivatives under high-pressure, a study of the effect of thermal and mechanical loading on the cracked materials and pipes at high-temperature environments is required. In this work, the influence of the thermal loadings on stresses analysis of pressurized and cracked pressurized pipes has been solved numerically where the mode I crack's type has been considered. The modeling process mainly aims to find the stress intensity factor, J-integral calculations and the stress distributions. The accuracy of the results has been compared with analytical solutions of a pressurized cylinder. The mesh around the crack have been modeled in a careful way to obtain accurate stress distributions. It was found that the surface's temperature has a significant effect on stress distributions, for example, the stresses increased by 50% with increasing the temperature differences between the inner and outer pipe's diameter. Additionally, the stress intensity factor and the J-integrals values were calculated for different crack length ratios and temperature differences. It is found at the crack length ratio of 0.6 the stress intensity factors increased up to 50% from 45 to 76 and J-integral increased by 77% from 250 kN/m to 430 kN/m. Also, the influence of fluid's temperature investigated, and the result showed that by increasing the fluid's temperature without cracks, the stresses decreased by 33%. Also, it was found that for different crack length ratios the J-integral and stress intensity reduces when the fluid's temperature increases.
INTROdUCTION
Pipelines represent the lifelines of the global petroleum industry due to its significant in oil and natural gas transmission from production sites to refineries, power station and markets, across nations, oceans and continents. Both of the external (where the pipelines are operating) and internal environments (oil fluid) in which the pipelines are operating really influence pipelines integrity and subsequently oil production capacity 1 . The understanding the subject of the integrity management of oil and gas transport pipelines are the stone corner in designing, material selection and maintenance planning in oil/gas industry transmission lines.
It is important to analyze the effect of thermal loadings on the values of the stress distributions and J-integral in pressurized and cracked pressurized pipes since they face the engineering application and energy utilities. Thermal loading has a notable impact on stress intensity factors and J-integral values. The J-integral magnitude increases with increasing of thermal loadings such as specific heat, thermal conductivity, thermal diffusivity, young modulus and temperature differences 2 . Both of the Finite Element (FEM) and Weighted Function (WFM) methods were used to define the stress intensity factor for a cracked vessel and pipe exposed to thermal loadings. The more convection heat transfer leads to large J-integral and stress intensity factors. The elastic and elastic-plastic fracture mechanics were discussed using finite and boundary elements to determine the J-integral 3 . Lee et al., 4 discussed the one and two modes of fracture of case studies of elastic, thermal-elastic and elastic-plastic conditions. They aimed to develop an expression to calculate the J-integral factor for centre cracked pipe under thermal and mechanical loadings conditions. Their study was modeled using the analysis of two-dimensional finite and quadratic isoparametric elements for mode I load. The authors concluded that the increasing in the values of specific heat, thermal diffusivity, thermal conductivity, young modulus, the temperature difference between the crack side edge and crack length leads to increase in the rate of J-integral under mode I thermal load due to the effect of the thermal loadings on the stress distribution and J-integral in cracked pressurized pipes in many applications in engineering constructions, for instance, power stations and nuclear power plants especially at the high-temperature environment, a study of the effect of thermal loadings on the cracked materials and pipes is required 5, 6 .
The increasing of ther mal loadings contributes to the increasing in the thermal stresses J-integral values due to an increase in temperature differences 13 .
L. Li et al., 7 employed the analysis of three-dimensional finite element with an equal strain hypothesis to predict the stress-strain (S-S) curve in a tensile test for a multi-layered composite material composed of commercial purity titanium (CP-Ti) with texture and an isotropic polycrystalline Ti-15V-3Cr-3Sn-3A1 (Ti-15-3) alloy. Their result shows the FE analysis can successfully predict the yield and tensile stresses of multi-layered composite material with less than 5%deviance, and the uniform elongation of multi-layered composite material can be well predicted with less than 1% deviance.
The modeling solution performed stressstrain analysis of the laminates with orthotropic layers using classical laminate theory considering the effect of the thermal loading. Some researchers have used finite element technique for stress analysis for some layered materials 8, 9 , however, challenges with various mechanical loadings were not discussed in these studies. 11 derived the J-integral for a crack under a two-dimensional transient temperature distribution in terms of the line integral and calculated by FEM and the effects of inertia and material properties on the J-integral.
D. Stamenkovic 12 used the finite element method (FEM) to model the thermal-induced stresses in an interface crack between a ceramic coating and a metallic substrate. The mesh sensitivity was considered for the studied case. The stress intensity factor was determined using J-integral approach even for coarse meshes. In addition, the conservation of integral consisting path for two-dimensional stationary circular arc crack that subjected to thermal and mechanical loads was analyzed. The stress intensity factor was determined using the J-integral approach even for coarse meshes. The author concluded the thermal loadings influenced the stress distribution and J-integral. He found that the stress intensity factor which derived from the J-integral approach is less sensitive than that from the displacement extrapolation method. Also, the study confirmed that the J-integral approach is the easiest means of calculating the stress intensity factor K. Z. W. Gao et al., 13 employed the numerical analysis to get uniform distribution of heat flow along free boundaries. In their work, the effects of the uniform heat flux and the crack length are investigated. They applied coupling of finite and infinite element methods to calculate the thermal stress intensity factor of a half-plane superconductor with a line-crack. They found that the ambient temperature affects the thermal stress intensity factor when the temperature decreases the thermal stress intensity factor decreases.
The values of the J-integral and the stress intensity factor are changing with temperature and the length of the crack. When the temperature and the crack length ratio go up the values of the J-integral and stress intensity factor increase 15 .
In this paper, numerical investigation of thermal stress analyses, the calculations of the J-integral of pressurized and cracked pressurized cylindrical pipes were analyzed. The effect for surface's temperature and fluid's temperature on the values of the stress distributions and the J-integral for pipes without cracks and with longitudinal crack was studied.
Theoretical Modeling
A finite element method is a numerical approach which solves partial differential equations accurately it treats temperature distributions, stresses and thermal stresses as stresses induced by mechanical loading.
In this study, the numerical model is built up to analyze the effect of the thermal loadings on pressurized and cracked pressurized pipes by using (FEM). The two-dimensional model tasks are analyzing the displacement, temperature, stress distribution and J-integral. Fortran 90 language was used to solve the model. The model includes calculating the values of the J-integral and stress intensity factors by taking into account the influence of the thermal loading. The more details about the theoretical model can be found in 14 . In this study, a quarter of pipe was used due to the symmetry conditions. The further details about the mathematical loading, programming and boundary conditions are available in 16 .
The displacement vector U at any point of (x, y) is expressed as indicated in Equation 1.
(1)
The element stiffness matrix of the twodimensional elasticity is given by 13 ;
(2)
The equation for the domain of the overall system is given by 13 ;
When the displacements were found, the strain and stress elements can be determined by using the Stress-Strain (S-S) relations. Now Equation  5 can be re-written as:
Thermal loadings
The finite element structure to calculate the temperature distributions T (x,y) at any point of (x, y) can be stated as 13 ;
The force element matrix can be found as; (8) where the global force vector F can be calculated as: (9) Now, the element stiffness matrix becomes:
For two-dimensional heat transfer the D matrix can be stated as 13 ;
The temperature of the overall system can be expressed as;
K.=F (12)

J-Integral for thermal loading
The equation of the J-integral can be written as 13 ;
While in the case of thermal loadings, the J-integral equation is;
RESULTS ANd dISCUSSION
Pressurized pipes under thermal boundary conditions are analyzed to investigate the influence of the thermal loadings on the stress distributions and J-integral calculations for different crack length ratios. Internal pressure in the pipe is 10 Mpa and the outer surface at ambient environmental conditions. The outside temperature is 26°C and the heat transfer coefficient inside the pipe is 5000 w.m -2 .k -1 . The FEM and Fortran 90 program was used to analyze this study. In this study, the result is validated with an analytical solution which was found in the open literature 12 . The analysis was conducted on the pipes to investigate the influence of the surface's temperature and the influence of the fluid's temperature for pressurized pipes. Table 1 shows the data used for cases 1, 2, and 3. The stresses and J-integral calculations for three cases with different crack length ratios for thermal and structural boundary conditions are studied. Fig. 1 shows the geometry and schematic mesh of the cylinder. For simplification and due to the pipe's symmetry, just a quarter of the cylindrical pipe was meshed by using 80-quadrilateral 8-node standard element and plain strain conditions for the three cases. Fig. 2 shows the displacements, the radial and tangential stresses through the cylindrical pipe. The results are compared with an analytical solution from 12 . . 1. a-a cylindrical pipe, b-a cross-section of the  cylindrical pipe, c-the mesh of the cylindrical pipe's quarter   Fig. 2. a-The displacements, b-the radial stress and c-tangential stress through the cylinder
Effect of Pressure and Thermal Parameters on Stresses distribution Effect of Pressure and Surface's Temperature
In this study, the effect of the surface's temperature on stress distributions of pipes is analyzed. The inner surface's temperature is maintained -100 o C while the outer surface of the cylinder is exposed to different temperatures (0, 25, 50, 75 and 100 o C) respectively and internal pressure is 10 Mpa. Fig. 3 shows the temperatures distributions, the radial stress and tangential stress. It is clear that as the temperature difference increases the convection heat transfer coefficient at one surface also increases. This is due to the proportional relation between the temperature differences and the convection heat transfer coefficient based on Newton's law.
150 o C. The pressure inside the pipe is 10 Mpa. The heat transfer coefficient is (5000 w.m -2 .k -1 .). Fig. 4 illustrates the temperature distribution, the radial and tangential stresses. It can be observed that the radial and tangential stresses decrease as the temperature of the ambient fluid increases. Also, it can be seen that the temperature differences between the inner and outer surfaces of the pipe decreased when the temperature of the fluid is increased based on Newton's law of cooling. Therefore, thermal stresses decline with the decrease of the temperature differences due to increasing of the fluid's temperature. 
Effect of Pressure and Surface's Temperature
In this case, the effect of the surface's temperature and the pressure on the calculations of the values of J-integral and stress intensity factors is investigated. The cylindrical pipe has a radial crack in the inner surface. The J-integral and stress intensity factors for different crack's length ratios were discussed. The inner surface's temperature is maintained -100 o C while the outer surface of the cylinder is exposed to different temperatures (0, 25, 50, 75 and 100 o C) respectively and internal pressure is 10 Mpa. Fig. 5 shows the J-integral values and stress intensity factors for a cracked pipe which has different crack lengths. The higher temperature difference existed between the crack tip regions and the outer surface of the cylinder. Thus, the tensile stresses across the pipe increase dramatically and the stress intensity factor values increase for each ratio of a crack length. Then, the values of the J-integral are increased when the crack length ratios increase because of the increase of the stress intensity factors.
Effect of Pressure and Fluid's Temperature on J-integral
The effect of fluid's temperature and pressure of cracked pipe on stress intensity factor and J-integral was discussed. The cylindrical pipe with a radial crack was subjected to pressure and thermal loadings are studied. The temperatures of fluid inside the pipe changes from 50 o C to 150 o C.
The pressure inside the pipe pressure is 10 Mpa and the heat transfer coefficient is (5000 w.m -2 .k -1 ). Fig. 6 illustrates the stress intensity factors and J-integral for different crack length ratios and loadings. The temperature distribution between the inner and outer surfaces of the pipe decreased. Then, lower tensile stresses across the uncracked side are noticed. The value of the stress intensity factor and J-integral decreases when cracking length ratio increases because of the high heat flux through the pipe. The fluid's temperature increasing will reduce the values of both stress intensity factor and J-integral. 
CONCLUSION
In this study, thermal loadings influence on stress analysis and J-integral calculations for pressurized and cracked pressurized pipes were studied. The effect of the surface's temperature and fluid temperature on stress distribution and J-integral calculations was studied. Thermal stresses and J-integral values were affected by the surface and fluid temperatures of cylindrical pipe with and without cracks. Thermal stresses increase with an increase in the surface temperature by 50%. Moreover, the J-integral value increases nearly 77% with increasing the surface temperature due to the increase of thermal stresses. However, the thermal stresses and J-integral value decreases about 33% with an increase in the fluid temperature.
